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Communication Restraints and Mutual

Problem-Solving Behavior

Abstract

In most situations, communication among parties involved in a group
problem-solving situation is regarded as desirable if not essential, since
each member's intentions can be made known and future actions made predictable.
The present experiment was designed to test the hypothesls that communication
facilitates the development of effective and predictable structure-in-
interaction and thus contributes to the effectiveness of the group's problem-
solving activities.

The subjects, 80 women college graduates ranging in age from 20 to 60
years, were divided into 20 groups of four members each. Ten groups were

designated as Communication groups and the remainder as Non-Communication

groups. The tasks for all groups were identical: +to light a "goal square"

in a 5 x 5 electrical plug board in a minimum number of moves. Rules defining
permissible moves were imposed to create a mutual task. The Communication
groups were permitted to send a written message to any (all) of their partners
between trials; the Non-Communication groups were required to send a message
to the experimenter at the end of each trial.

Measures relating to task effectiveness and the development of structure-
in-interaction were examined. The analysis of each panel of data pointed to
the superiority of the Non-Communication groups in both performance and
development of structure-in-interaction. This result was not anticipated.
Detailed analysis suggests that under certain conditions group task perform-

ance may be hindered rather than facilitated by communication.



COMMUNICATION RESTRAINTS AND

MUTUAL PROBLEM-SOLVING BEHAVIORl

This is the third in a series of reports on experiments carried out
under contract Nonr-2959(00), each with the general purpose of testing a
part of a theory about structure-in-interaction and problem solving in
group situations.

The first report of the series (Hemphill, 1961) concerned an experiment
in which subjects worked with a partner (the experimenter) to perform four
simple tasks. The results of this experiment were interpreted as supporting
the hypothesis that & structure-in-interaction supplied by another (the
experimenter), through consistent responses to the acts of the subjects,
was essential to the subjects' ability to work effectively on the tasks.

The second experiment of the series (Hemphill & McConville, 1962) ex-
amined the influence of two contrasting experimental sets that were es-
tablished by representing the subject's "partner" as either another person,
“"human," or as a mechanical device, "machine."” These sets investigated the
effects of the characteristics of the partner upon the subject's mutual
problem-solving activities. The effects of these two sets were analyzed
using measures of (a) the subject's attitudes toward the experiment and
toward the behavior of his partner, (b) the subject's over-all effectiveness
of work on the tasks, (c) his accuracy of predicting the partner's responses,
and (4) patterns of behavior that developed in the sequence of moves on each
trial of the tasks. The results of the analyses were generally negative
insofar as the effects of "human" vs. "machine" sets were concerned.

In both the first and second experiments each subject interacted with
a single partner (the experimenter) who responded in a standard and prede-

termined manner. In both experiments restraints were imposed upon free

lAppreciation is expressed to Nathan Kogan and James S. Terwilliger for
their comments and review of the manuscript, and to John D. Bowers for assist-
ance in the conduct of the experiment.



-0-

communication between the subject and his partner. The instructions for these
experiments and the physical arrangements of the laboratory were such that the
only possibility of communication between the subject and his partner was that
provided by "signaling." Although no such behavior was observed, the subject
might have tried to communicate by means of an unusual selection of moves or
sequence of moves. However, in non-laboratory situations, communication among
parties who are interacting to solve a mutual problem is likely to be a
significant factor in the development of structure-in-interaction and is the
variable of primery interest in the experiment described in the present report.
The general hypothesis under consideration is that communication among parties
involved in mutual problem solving facilitates the development of structure-
in-interaction which will, in turn, add to the effectiveness of the group's

problem-solving activities.

Experimental Procedure

Twenty groups of women of four members each were assembled and scheduled
to report at different times to the group laboratory to participate in an
experiment concerned with "how groups work together." No attempt was made to
match the subjects within groups; a group was formed when four persons could
participate at a mutually convenient time. Upon arrival each group member
was assigned to a work booth that was separated from others by partitions.
The subject was then instructed not to talk during the course of the experiment.
Each work booth was equipped with a replica of the plug board described in
detail in the previous reports. The four boards were connected with one
another, directly square-to-square, in such a manner that the insertion of an
"active" plug into a square designated by a letter-number code (e.g., A3, B3,

etc.) on one board would cause a neon light to appear in that square on all
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four boards. The boards in the four booths were oriented, in respect to one
another, in a manner analogous to the situation that would exist if the group
menbers were sitting around the four sides of a single board; i.e., Sl found
square El to her upper right, 82 found E1 to her upper left, S5 to her lower
left, etc. See Figure 1. The relative orientation of each subject's board

is stressed here because of its pertinence to a problem that developed in

communication.

El

AL | Bk

A5| BS

5

Fig. 1. Layout of each subject's plug board
and its position in relation to each of the other
three boards.

Each subject was provided four phone plugs, each plug being identified
by a different colored tape placed around its body. Each of the four subjects
was identified by one of the four colors, and the plug marked with the same
color that identified her was made an "active" plug. Her remaining three
plugs were "inactive," i.e., did not affect the appearance of the neon lights
and were considered to be "marker" plugs. Thus each subject had one active
plug of her own éolor and three "marker" plugs, one for each of the colors

identifying her partners.



=l

During the experiment the subjects worked on two tasks. Both tasks
were similar and required that the neon light in the "goal" square (E1) be
turned on by the insertion of an active plug in that square in a minimum
number of moves. The starting positions of the plugs for each trial were
the four squares diagonally opposite square El. The subjects were required
to move their active plugs in turn according to a "color" order and to keep
track of the moves of the other subjects by the use of their marker plugs.
The selection of the subject who was asked to make the first move on a trial
was varied systematically from trial to trial as was the color arrangement
of the four plugs in the four starbting squares. Subjects were allowed seven
moves on each trial to achieve the goal in Task I; the minimum number of
moves was five. In Task II, the goal square could be reached in six, seven,
or eight moves depending on the starting order of the plugs; the subjects
were allowed 10 moves per trial. Up to 16 trials per task were provided if
the criterion of four perfect trials in succession was not achieved sooner.

Task II always followed Task I and differed from this first task only
by a change in the rules governing what constituted a legal move. Under the
conditions of Task I, moves could be made to any square adjacent to one
occupied by another plug. Diagonal adjacencies were permitted. The rules
governing Task II did not allow moves to diagonally adjacent squares. This,
of course, complicated the task perhaps more than might be expected by such
a simple change in rules. (The complete instructions to the subjects are
given in Appendix A.)

Ten of the 20 groups were designated as Communication groups, the re-

maining 10 as Non-Communication groups. The subjects in the Communication

groups were provided one minute immediately after each trial to prepare a
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10-word (or less) message to any one or all of the three other subjects in
the group. The messages then were collected by the experimenter and quickly
distributed to the addressees, who had the remainder of an additional minute
to read whatever messages each had received. No restrictions were placed on
the contents of the messages, and the subjects were free to send or not to
send a message to any of their partners.

In order to provide comparable tasks for the Non-Communication groups
between trials, each of these subjects was asked to prepare a note to the
experimenter stating the solution of the problem her group faced, or if she
had no solution to so state that fact in her note. She was given one and a
half minutes to study the problem and prepare the note. It was estimated
that approximately one-<half minute was consumed in the distribution of the
messages in the Communication groups, which accounts for the one and one-half
minutes used by the Non-Communication groups instead of the full two minutes.

At the end of the experiment, an additional trial on Task II was provided
but with the instructions requiring that each subject write down her pre-
diction of the move to follow just before it was made. This post-experimental
exercise was considered a test of each group member's understanding of the
structure-in-interaction that may have developed in the group as a result of

their work together on the tasks.

Subjects

The 80 subjects who participated in the experiment were women whose ages
varied from 20 to 60 years. They were recruited for the experiment by contacts
with local women's organizations. Each was compensated for her participation

by being able to donate her earnings to the treasury of her organization.
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Thus the subjects were moderately well acquainted with one another and
relatively homogeneous in interest and background. Most had completed
college, and in the experimenters' judgment, all could be described as well

above average in general intelligence.

Experimental Data

The subjects were observed by means of one-way vision mirrors as they
worked on the task, and a careful record was maintained of the moves selected
by each subject on each trial. The messages written by the subject to her
partners were collected between each trial, furnishing information about the
progress of the subject toward solution of the tasks. The notes to the
experimenter from the Non-Communication subjects served the same purpose.

The data provided by the post-experimental prediction exercise were also
available for analysis. Each of these panels of data will be examined in
the following section of this report to determine how the condition of Com-
munication or Non-Communication may have influenced the development of

structure-in-interaction.

Task Performance

The effectiveness of task performance was examined with respect to two
related criteria of effectiveness.

Criterion A. The first criterion of effectiveness was the number of
trials required to reach four successive errorless solutions of the tasks.
This criterion was selected because four such solutions could be attained
only if each member of the four-person group made a correct first move.

It was necessary, of course, that all the remaining required moves be made

without error, but the first move was a critical one. If four consecutive
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errorless trials were completed, it was assumed that the group had learned

to perform the task. Since up to 16 trials were allowed for each task,
scores might range from 4 to 20. These scores, 17, 18, 19, and 20, are reason=-
able ones to assign in the event that an error was made on the thirteenth
through sixteenth trialsrespectively since, had the opportunity been pro-
vided, at least this number of trials would have been required to reach the
criterion. Table 1 shows the performance of each of the 20 teams as measured
by this criterion.

The data show clearly that the groups in which communication was per-
mitted did not reach the criterion in fewer trials than did the groups in
which there was no communication between group members. In fact, the dif-
ference for both tasks favor the Non-Communication groups. Tests of the
significance of this unanticipated result were made by partitioning chi-
square and then comparing the Within Conditions (Communication vs. Non-
Communication) component with the Between Conditions component. The results
of these tests are shown in Table 2.

At least for Task I it is necessary to conclude that the Non-Communication
condition produced the more effective task performance. For Task II the ob-
served differences are in the same direction but not clearly significant.

Criterion B. The second criterion of task effectiveness was based upon

a concept of moves remaining similar to that employed in the previous report

(Bemphill & McConville, 1962). On many trials the goal square was not

reached within the minimum number of moves. Moves remaining refers to the

distance between the goal and the nearest square to the goal which was occu-
pied after the minimum number of moves on a trial had been made. This

distance was measured in terms of the number of moves that would be required



Table 1

Effectiveness of Task Performance of 20 Groups as Measured

by "Number of Trials to Criterion"

(Criterion A)

Communication Groups

Non-Communication Groups

Group Task I Task II Group Task I Task II
1 10 18 11 8 17
2 8 19 12 13 17
3 17 12 13 7 13
4 18 20 14 10 14
5 9 15 15 12 15
6 17 12 16 6 20
7 20 19 17 13 T
8 8 20 18 7 5
9 10 20 19 9 11
10 8 20 20 9 10
Mean 12,5 17.5 Mean 9.4 12.9




Table 2

Partitions of Chi-Square Testing the Effects of Conditions of
Communication Upon the Effectiveness of

Performance on Two Tasks

Task Source X2 af Sﬁiﬁ?e F Sig.
I | Between Conditions 166,72 1 | 166.72 9.27 <,0L
Within Conditions 323,63 18 17.98
Total 490.35 19
II | Between Conditions 60,37 1 60.37 3,79 <.10
Within Conditions 286.68 18 15.93
Total 19




~10-

to cover the remaining distance to the goal. The count of moves remaining

was made with the observation of the same rules specifying a "legal" move

that were in force for the task; i.e., for Task I diagonal moves were per-
missible and the distance measure was of the usual Euclidean type, but in

Task II, for which diagonal moves were not permitted, the distance measure
was of the "city block" variety.

Two moves remaining scores were obtained for each task. The first

was the sum of moves remaining for the first four trials made by the group

on the task. The score is indicative of the degree of early progress the

group made on the task. The second sum of moves remaining was for the last

four trials on the task, numbers 13, 14, 15, and 16 for groups who failed
to reach the criterion of four perfect trials. For groups who had reached
the criterion, the score would, of course, be zero; since, if the last four
trials were performed without error, no moves could remain to be counted.
This second measure was indicative of a group's continued difficulty in
solving the problem of the task. Table 3 presents the score for each group
on these Criterion B scores.

The data presented in Table 3 are consistent with the data for Criterion
A (Table 1) for each comparison. Non-Communication groups appear to be more
effective both on the earlier and later trials and on both Tasks I and II.
All 10 of the groups who worked under the Non-Communication condition were
able to reach the goal square for Task I in seven, or less, moves in a maxi-
mum of 12 trials; seven of the 10 groups were able to do so on Task II. This
can be compared with the record for the Communication groups where it was
found that four groups still were having difficulty with Task I after 12

trials, and only three groups had solved Task II in 12 trials.
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Table 3

Effectiveness of Task Performance of 20 Groups as
Measured by '"Number of Moves Remaining"
(Criterion B)

Communication Groups Non-Communication Groups

Task I Task II Task I Task II
Group | First | Last | First | Last Groupl First | Last | First| Last

1 10 0 17 L 11 6 0 6 2

2 9 0 7 6 12 4 0 2 3

3 7 1 8 0 13 7 0 9 0

L T 2 10 9 14 L4 0 12 0

5 6 0 L 0 15 9 0 8 0

6 8 I 13 0 16 5 0 17 11

7 8 7 13 b 17 9 0 5 0

8 8 0 12 8 18 5 0 2 0

9 10 0 12 11 19 10 0 11 0

10 8 0 16 5 20 6 0 12 0
Mean 8.1 1.4 11,2 4.7 Mean 6.5 0 8.4 1.6

!
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Table 4 shows the results of tests of significance for these findings
for Criterion B.

No one of these tests yielded results significant at the .05 level of
confidence; however, all four tests reached the .10 level and, as noted
before, the trend is in favor of the Non-Communication groups. It seems
clear that one can conclude that the 10 groups who were permitted to com-
municate between trials did no better on the tasks than the groups who
simply prepared a note for the experimenter about how the problem might be
solved.

The contents of the notes prepared between trials by both the Communi-
cation and the Non-Communication groups were then examined in detail in an

effort to account for this result.

Problem Analysis

The messages that were prepared by the subjects were examined by noting
whether they contained any of the following contents:

1. Mention of patterns, path, route, etc. that should or might be used
in reaching the goal square. (Paths)

2. Mention of order or sequence of moves that should or might be used.
(Order)

3. Mention of blocking, a need to wait on others, or interfering with
the moves that need to be made by others. (Blocks)

k. Mention of a general principle or over-all strategy for solution
of the problem. (Principle)

5. Mention of a specific move that should or should not be made.

(Specific)
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Table 4

Partition of Chi-Square Testing the Effects of Conditions of

Communication Upon Effectiveness of Performance

(Criterion B)

Task | Trials Source a ar | Mean F Sig.
Square
I First | Between Conditions 1.753 1 1.75 3,98 |<.10
Within Conditions 7.863 | 18 Lk
Total 9.616
I last Between Conditions | 1%.00 1| 1%.00 3.50 |<.10
Within Conditions 72.00 18 L. o0
Total 86.00
1T First | Between Conditions 4,00 1 k.00 2.01 | <.10
Within Conditions 35.92 18 1.99
Total 39.92
1T Last Between Conditions 15.25 1 15.25 3.50 | <.10
Within Conditions 78.25 18 4,35

Total

95.50
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6. Mention of a totally incorrect move, route, or procedure which if

followed could not possibly lead to goal attairment. (Incorrect)

7. Use of literal, as contrasted with symbolic, concept in describing

the problem, i.e., "down," "across," "right," "left," "over," etc.
rather than the letter-number codes of squares, such as A3, B5, Chk,
etc. (Literal)

The classification of message contents with respect to each of these
seven categories was done independently by two assistants. A message was
examined for all seven categories and scored for each category it contained.
Agreement between judges was satisfactory as is shown in Teble 5 by the pro-
portion of all messages that were classified in the same manner by both
Judges.

A contents-of -communications score was computed for each of the seven
categories. These scores are based upon the number of opportunities to com-
municate that were available to the group, since groups who had quickly
reached the criterion of four perfect trials did not have the same number of
opportunities as those who ran the complete series of 16 trials per task.
Each group member was considered to have one opportunity to communicate
during each trial; thus a group that used the entire 16 trials had 64 oppor-
tunities to communicate. The category score is the proportion of these
opportunities in which the message(s) included the various contents. The two
assistants' classifications of contents were averaged in the process of
obtaining these scores.

Contents scores were obtained for each individual, whether they were
run under the Communication or under the Non-Communication condition. (It

will be recalled that Non-Communication subjects wrote their messages to
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Table 5

Proportion of Individual Categories Scored in the

Same Manner by Two Independent Judges

Contents Task I Task II
Category Proportion of Messages Proportion of Messages
Paths .92 .89

Order .8k .75

Blocks .91 91
Principle .89 .86
Specific .96 .96
Incorrect .92 .89

Literal .97 .96
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the experimenter.) Table 6 shows the number of cpportunities to communicate
that were used. Under the Non-Communication condition, the subjects were
required to hand a note to the experimenter at the end of each trial; but
when those messages simply stated that the subject had "no solution," they
were considered as equivalent to not sending a message by the subjects under
the Communication condition.

It is apparent that the Non-Communication group members had, or be-
lieved they had, a solution to the problem more frequently than the Communi-
cation group members chose to communicate a possible solution, if they had
one. At least a part of this difference in utilization of opportunity to
communicate may be attributed to the differences in the directions for
sending messages that were given to the subjects run under the two conditions.
These directions were as follows:

For the Communication groups:

"To help you in this task, you will be allowed to send a
short message of 10 words or less to as many of the other
members of the group as you wish, that is, up to three
separate messages. You will have one minute at the end
of each trial to write your messages, at which time they
will be collected and delivered to the person or persons
to whom they are addressed. The person who receives a
message will have one minute to read the message before
they are collected again. You should address your message
to the color denoting the person to whom you wish to com-
municate and sign it with your own color. There is no

limitation as to contents, but remember you must make your

message 10 words or less. 7TYou do not have to send a

message, but you will lose nothing if you do so.”
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Table 6

Proportion of Opportunities to Communicate Utilized

under Communication and Non-Communication

Conditions for Tasks I and II

Communication Groups

Non-Communication Groups

Group Task I Task II Group Task I Task II
1 .15 A7 11 .88 64
2 .19 A7 12 .83 .91
3 Jq1 .08 13 .89 .15
L .23 .05 14 .90 .82
5 4 .15 15 .62 .32
6 .03 .00 16 .83 .72
T .03 .05 17 .85 .68
8 .16 Al 18 .15 .85
9 .38 .58 19 67 .61
10 .00 .09 20 .78 .82
Mean .1k Jh Mean .80 .T1
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For the Non-Communication groups:

"To help you in this task you will be allowed a period of one
minute at the end of each trial to examine the problem. At
the end of this time you will be required to write a short
note to me. If you have discovered the answer you should

jot down the five moves required for the solution of the task.
If you have not as yet discovered the solution, write 'no
solution' on your note and pass this in. Each of you should
sign these notes with your color."

The directions may have focused the attention of the Non-Communication
subjects more squarely upon the analysis of the problem faced by the group.
The directions and the situations within which they were given also would
tend to prompt the Non-Communication subjects to offer solutions even if
they were tentative ones; but perhaps the Communicetion subjects, influenced
by the possibility of negative reactions from their fellow group members,
waited until they were relatively sure of the solution before suggesting it
to the others.

The category scores for the seven contents areas are given in Table 7.

For each of the sever. categories of contents, the data in Table 7 show
a higher utilization by the groups run under the Non-Communication condition
than by the other groups. The two larger of these differences (for the
categories Paths and Specific) perhaps can be best attributed to that part
of the directions given to the Non-Communication groups as follows: .

you should jot down the five moves required for the solution of the task."
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The following responses would have been classified in both the Paths and

Specific contents categories:

a. A3 b. A3)B2>Q‘J:D\ )El
B4
CL
£l
E

These same responses, if they appeared in the messages prepared by
subjects run under the Communication condition, also would have been scored
for both categories, but the directions suggest some form of listing a series
of responses only in the case of the Non~-Communication condition. This may
be responsible for at least a portion of the large differences that are
observed.

In the case of the categories Order, Block, and Principle, it is dif-
ficult to find an explanation for their greater frequency of utilization
in the difference between instructions given under the two conditions. 1In
neither case was there any suggestion given of order or sequence, of block-
ing, waiting, etc., or of a general principle which might be involved in
the task's solution. Yet the Non-Communication subjects used concepts of
orders about twice as often as the Communication subjects and of blocking
about 10 times as frequently, and they stated a general principle for solv-
ing the problem about five times as often. It seems that explanations of
these differences require some general change in set toward the group's
problem which would be consistent with a tendency for the Non-Communication
subjects to apply more effort to the analysis of the task. This would be
consistent with the observation that although the Non-Communication subjects
more frequently stated a principle by which the task might be solved, they
also gave about four times as many incorrect responses as did the Communication

groups.
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The data presented in Table 7 were based on the absolute frequency
with which the content deseribed by each of the seven categories was noted
in the communications. Table 8 presents the same frequencies in relative
terms, since from Table 6 it is clear that a mejor difference between
Communication and Non-Communication groups was simply the frequency with
which opportunities to send messages were utilized. The proportions in
Table 8 are based upon the number of opportunities to send messages that

were actually utilized rather than the absolute number that were available.
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Table 8 shows that relative to other content in their messages the
Communication subjects emphasized the order in which moves were to be
made more often than did the Non-Communication subjects. They also appear
to have used literal language in the messages a greater part of the time
than the Non-Communication subjects. However, even in terms of relative
emphasis the Non-Communication subjects' messages can be characterized
by their emphasizing Paths, Blocks, and Specific moves. Differences in
frequency of discovery of the general principle or in statements of in-
correct solutions, as discussed previously, in connection with Table T,
appear to be almost entirely a function of the larger number of messages
prepared by the Non-Communication subjects.

Groups run under the Communication condition utilized a significant
proportion of their messages for purposes other than sharing the results
of their analysis of the tasks. Data shown in Table 9 summarize an exami-
nation of the contents of messages sent within the 10 Communication groups
from a point of view of group-process variables.

Only the group-process variable "Giving Informetion" corresponds in a
general way with the purpose of the messages prepared by the Non-Communication
groups, i.e., the Non-Communication subJjects prepared their messages to give
information to the experimenters. Thus, the period between trials appears
to have served different ends for the Communication subjects than for the
Non-Communication subjects. In the Communication groups, a significant pro-
portion of the time available seems to have been used in efforts to solve
problems related to a concern with the other group members' behavior, i.e.,
to attempt to lead or to express sentiment. Concentration upon the group-

process areas of giving or asking for information which characterizes
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Table 9

Non-Task Analysis of Contents of Messages Sent

by 40 Communication Subjects

Category Task I Task II
Number Proportion Number Proportion
Leading 151 L0 358 T3
Giving Information 136 .36 285 .58
Asking for Information L1 11 1k .0%
Expressing Sentiment Lo A1 I¥g) .08
Out of Field 11 .03 4 .01
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activities more directly related to analysis of the problem may have been
diverted by the possibilities of influencing the work of associates.

In summary, the analysis of the notes or messages that were prepared
between trials suggests a major difference between the Communication and
Non-Communication conditions. It can be assumed that Non-Communication
groups focused their attention upon the analysis of the task, perhaps
because it was impossible for them to influence the behavior of other group
members by sending a note to the experimenter.

Since the Non-Communication groups performed the task in a superior
manner, it appears either that correct analysis of the task was a key factor
to effective performance and/or that inefficiencies in group processes
(e.g., leading and exchanging information) outweighed the expected advantage
of the group members' being permitted to communicate. In order to provide
some basis for choosing between these two possibilities, an examination was
made of the messages sent under the Communication condition to determine the
effect on the "trials to criterion" score, assuming that group process had
been efficient, i.e., if the first group member who had found a correct
solution had then communicated it effectively to achieve a correct performance
of the task by his associates from that point on. This examination disclosed
that the scores reported in Table 1 would have remained unchanged. In fact

none of the 40 Communication subjects had attempted to communicate a totally
correct solution to the problems of Task II, and only five did so for the
simple problem of Task I. However, four subjects under the Non-Communication
condition reported generally correct solutions to Task II, and 15 did so for
Task I. It would appear that the opportunity to communicate with one another
functioned as a distraction rather than as a facilitation of effective work

by groups on these tasks,



Post-Experimental Predictions

It will be recalled that after the groups had completed work on Task II
they were asked to run through this task again, but that before each move
was made each group member indicated to which square they would move. For
three of the four subjects this required a prediction, but for the fourth
it was, of course, merely an indication of an intention. Without exception,
the subject making the move did as he had indicated he would. The accuracy
of the group's prediction can be considered as a measure of how well each
person had learned what to expect of his associates and as an indication of
the degree of structure-in~interaction that the group had developed. Correct
predictions could be of two kinds: (a) predictions that were not only correct
in the sense that they corresponded with what happened on the next move, but
also correct in the sense that the move would bring the group nearer a solution
of the problem, and (b) predictions that were correct only in that they fore-
casted the move that was actually made. It is also possible to observe two
types of incorrect predictions of moves: (a) moves which if they had been
made would have contributed to the effective performance, and, of course,

(v) incorrect predictions of moves that also would have been ineffective,
i.e., totally incorrect predictions. Table 10 summarizes the prediction
data.

The fact that the Communication groups were slightly inferior in the
effectiveness with which they performed the task is indicated by the larger
number of predictions they were required to make, because they less frequently
solved the problem in less than the maximum number of moves allowed. (The
Communication group used 8.8 moves on the average as compared with 8.3 for

the Non~-Communication groups.) Thus, the relationship between effectiveness
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and the Communication condition continued into the work on the post-
experimental exercise.

The prediction accuracy data show that the Non-Communication groups
were somewhat superior both in terms of over=-all correctness of prediction
(61 percent as compared with 57 percent) and especially in terms of pre-
dicting an effective move (74 percent as compared with 61 percent). The
Communication groups did less well in their analysis of the task, if this
can be considered to be indicated by their prediction of effective moves.
There is a slight suggestion in the data concerning correct prediction of
ineffective moves (18.3 percent for the Communication groups as compared
with 11.5 percent for the Non-Communication groups) that communication may
have alerted these group members to consistencies in the moves to be
expected of their partners which were not based on effectiveness of the
moves. But the Communication groups were also more likely to make incorrect
predictions of ineffective moves (20.8 percent as compared with 1L.5 percent).
It appears likely that this slightly larger frequency of expecting moves to
be made that were not effective ones, (regardless of whether the prediction
was correct) may be best understood as a reflection of a general failure to

have analyzed the task correctly.

Discussion of the Results

The major result of this study shows that the 10 groups who were per-
mitted to communicate did not perform their tasks more effectively than the
10 groups who were not permitted to communicate. This result was not antic-
ipated. There are three general ways of accounting for such an unanticipated
result. First, the sample of groups was very small, and it might be possible

that with a larger sample the expected result would have been obtained.
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Second, the groups' tasks, the manner of communication, or some other variable
in the experimental situation may have operated to overcome the anticipated
positive effect of communication. Third, the expected result was not a
reasonable one to be expected, and the general hypothesis which prompted
the study should be rejected. The first and third explanations appear less
acceptable than the second. It is not likely the small sample size could
account for results that were not only unexpected, but which tended to be
statistically significant in the unanticipated direction. Furthermore,
observations of the contents of the messages and of the post-experimental
predictions all support the conclusion that the Communication groups per-
formed the tasks less effectively.

The hypothesis that communication assists the development of structure-
in-interaction and thereby increases effectiveness of task performance
perhaps is a much too general statement. The relationship it describes
may be correct within certain groups faced with certain types of tasks.

The results of the present study do not suggest rejecting the experimental
hypothesis and replacing it with the opposite; instead they suggest a need
for specifying in what situation or under what circumstances a particular
type of communication contributes to group effectiveness. The findings of
the study suggest factors which tend to mitigate the utility of communication
in group problem solving.

Task characteristics which produce requirements for analysis of specific
details (i.e., careful individual thought) may be one of the factors in-
volved. The two tasks of this experiment presented problems that were not
to be solved by the most obvious routes. Consideration had to be given to

the effect of a contemplated move upon the subsequent moves to be made by
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others., Although it was well within the capabilities of each subject to
determine the exact sequences of moves by which the group could reach the
goal, such a determination required careful thought and detailed analysis.
It seems reasonable to suggest that time and effort spent in communication
activities would not be availgble for use in careful analysis of the task.
Until the problem of how to reach the goal square had been solved by at
least one member of a group communication could function only as a means
of spreading confusion. In general, it is suggested that group tasks re=-
quiring individual concentration on technical detalls of the problem may
be more effectively salved with some restriction or control on free
communication.

The manner in which the group members are allowed to communicate may
be a second source of factors related to whether the communication will add
to the group's effectiveness. There is no evidence in the findings of the
present experiment that points to the limit of 10 words per message as a
factor influencing the result. No one appeared to be handicapped by this
restriction; however, the arrangement of the plug boards did pose a communi-
cation problem. Some group members assumed that each person'’s board was
oriented in the same manner as his own and that he could make use of such
concepts as "up," "down," "right," or "left" in describing the locations
of positions within the board. The use of such concepts was completely
misleading to the recipient, as can be easily illustrated; for example,
suppose that one subject wished to describe his own first move toward the
goal and wrote to each of his associates the simple message, "I will make
my first move to the right." Assuming that he did move as intended, one of

his associates would see his move to the "left"; one "down"; and one "up."
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A number of such confusing incidents were actually described and, in fact,
one subject became visibly upset as a result of an interchange of messages
with another who insisted upon the use of these "literal" concepts. Such
problems of communication illustrate the importance of a common basic frame
of reference if group members are to profit from communication in problem
solving. Tasks in which such frames of reference are not available or are

not applicable may be made more difficult by communication.

Summary and Conclusion

The performance on two tasks by 10 groups where the four members of
each group were permitted to communicate by sending short messages between
trials was compared with the performance of 10 groups whose members used a
comparable amount of time to prepare a note to the experimenter about how
the tasks might be solved. The Non-Communication groups appeared to per-
form the task in a superior manner; a result that was not anticipated.
Detailed analysis suggests that certain task characteristics may have been
responsible for the result and that under certain conditions group task
performance is hindered rather than facilitated by communication. Such
characteristics may include (a) requirements for detailed or technical
analysis of the groups' task and (b) lack of a common frame of reference

for interpretation of attempts to communicate.
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APPENDIX A



General Instructions

In all probability you are wondering just what it is we are going to do
today. Briefly, we are trying to find out with your help and cooperation Jjust
how members of a group work together to solve a common task. We shall be here
at least two to three hours, so please make yourselves comfortable. You may
smoke if you wish. Because of the nature of the experiment, we must place two
restrictions upon you. First, we must ask that you do not leave your cubicles
and, second, thaet you do not speak to the other members of the group from the
time the question periods are over until the experiment has ended.

Each of you is now seated in front of a red and black board that has been
divided into 25 numbered and lettered squares. As you have seen in your pre-
liminary tour of the lab there are four such boards, one for each of you.
These boards are all electrically interconnected in such a way that you may
follow the progress and the decisions of the other three members of your group.

Before I go on to describe to you Jjust what it i1s that we wish you to do
with these boards in front of you, it is necessary that we familiarize you
with their operation. First, each of you will notice that at the bottom of
the board in front of you there is a long strip of colored tape. The color of
that strip of tape is your color. When or if it becomes necessary to com-
municate with one of you, your specific color will be used as a convenient
name. In front of the board lying on the table, you will see four different
colored phone plugs. Pick up the colored plug that corresponds to your color.
If you examine this plug you will note that it alone has a red top-~the other
three have black tops. In the experiment in which you will be participating,
you will be moving about to the different squares of the board in front of you.

This plug that corresponds to your color, the one with the red top, represents
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you, your movements, and your decisions. The other three colored plugs, the
ones with black tops, represent the other three members of your group and

their movements. We shall call them "marker plugs,” and you will use them to
keep track of the positions of the other members of the group.

Now, will the person who holds the Blue plug with the red top please
place it in the socket in square A4, It should be noted that it is not neces-
sary to push these plugs all the way into the socket. You will find it much
easier and much more convenient to insert them only as far as necessary to
turn on the lights. Now you will all note that a light has come on above the
socket in square A4, Only the plug with the red top, the one that represents
one individual's movements, is capable of lighting up the board. You know
then that someone in the group has made a move, and in this case it was Blue.

The rest of you should pick up your Blue marker plugs and place them in square

Ak,

Now, will Green place his red-topped Green plug in square Bh. The rest
of you will note that a light has come on in square B4. You know that Green
has moved to Bl, so place your Green marker plugs in BL4 to indicate on your

board that Green now occupies square Bk,

Will Yellow please place his red-topped Yellow plug in square B5. B5 is
now lit. Place your Yellow marker plugs in square BS.

Finally, will White place his red-topped White plug in square A5. A5 is
now 1lit. Place your White marker plugs in square AS.

As mentioned before, only the red-topped plugs are capable of lighting
the board; the black-topped plugs, or marker plugs, cannot light the boards.
You may verify this fact by taking any black-topped plug and inserting it any-
where in the board. You will notice that it does not cause a light to come on.

Now please return your marker plug to its previous position.

Are there any questions about the operation of the board?
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Directions for Task I

We have already stated that we wish to find out how members of a group
work to solve a common problem. Now we shall try to explain just exactly
what that problem is and what rules you must follow as you work to solve it.
Stated briefly, the problem is for you as a group to get any member of your
group as represented by a plug on the board into square El in as few moves as
possible. At first glance this task would appear easy and would be easy
except for the rules that we have imposed. You will find a copy of the rules
lying to the right of your plug boards. Perhaps you would like to read them
silently as I read them aloud. If there is any doubt as to their meaning,
please feel free to ask questions as soon as I have finished. Here are the
rules with a bit of explanation.

1. You must move in turn according to color in the following order:
Blue, Green, Yellow, and White. You will notice the shorter strips of colored
tape around the edge of your boards. Starting with Blue and going clockwise
the colors are Blue, Green, Yellow, and White. This 1s the general order in
which you will move. However, Blue will not necessarily always go first.

You will also note towards the top of your board a strip of white tape on
which this order has been written. Above each color there is a light. These
lights will come on one at a time to indicate just whose move it is. For
example, should the light above Blue come on, it is Blue's move. These lights
may be used by all of you as a handy reference as to whose move it is at
present and how soon you yourself will be required to move. You as indi-
viduals will be allowed to move only when the light above your color is on.

2. You must make your move within 20 seconds after your turn has begun.

Each of you will have 20 seconds after the beginning of your turn to decide
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where you are going to move. At the beginning of each trial and thereafter
between each turn, we shall turn out the lights on the boards for a few
seconds. When you see the lights come on again, if it is your turn you will
know that your 20-second turn has begun. Only one person should move during
any 20-second interval. As soon as the lights come on, the person whose turn
it is should remove his red-topped plug from the board and replace it in its
new position. The other members should then move the same colored marker
plugs to this new position on their individual boards. Should the lights go
off signaling the end of the turn before any move is made, the mover will
forfeit his turn and return his plug to its old position.

3. You may move to any unlit square on the board no matter how many
squares away it may be or in what direction it may lie, or you may elect to
remain in your present position. The only limitation is that you move in such
a way as to maintain all four plugs in adjacent squares. You may move your
plug to any unlit square on the board in any direction: Dbackwards, forwards,
to either side, or diagonally. You may move any number of sqQuares you wish.
You may jJump over another plug. Or, you may elect to remain in your old
position. You may signal this decision to the other members of your group by
replacing your plug in its old position. The only limitation to your move-
ment 1is this--you must always move so as to keep all four plugs in adjacent
squares. That is, the lights or the plugs must always be kept together
without unlit squares between them. They may be adjacent or next to one
another, either above or below, to either side, or on the diagonal, but there
cannot be an unlit square between any one or more plugs. Nor may you move in
such a way as to cause another member of the group to become non-adjacent.
For example, if White were between Green and the rest of the group, White

could not move in such a way as to leave Green with one unoccupied or unlit

square between him and the group.
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Are there any questions concerning the rules?

The experiment to follow is divided into a number of trials. Each trial
will end in one of two different ways. A trial shall be considered ended
vhen you as a group succeed in lighting square E1 or when the group has moved
seven times. That is to say, you must succeed in lighting square E1 in seven
moves or the trial shall end in failure, and we shall move on to the next one.
The goal may be reached in as few as five moves, and you should try to discover
as quickly as possible a way in which this may be done. At the end of any
trial in which you succeed in lighting square El before you have used your
seven moves you will be told how many moves it has taken you to reach the goal.
I remind you agéin that this task may be solved in five moves and that you
should try to discover how this may be done as soon as possible.

Demonstration Trial. In case any of the instructions are still unclear

we shall go through a short demonstration trial. We hope that this demon-
stration will serve to acgquaint you with all of the different possibilities
for the movement of your individual plugs and will demonstrate to you the
concept of adjacency or keeping together as it applies within the fremework of
this task.

For purposes of this demonstration please place your plugs in the follow-
ing squares: Blue in B2, Green in C3, Yellow in D3, and White in E4. Now to
show you the flexibility with which your plugs may move, let us say that it is
Blue's move. There are 10 different squares to which Blue might move. He
could move to B3, B4, Dk, (Ck), D5, E5, E3, E2, (D2), and C2 or he could

elect to remain in Ba.l He may move to any square anywhere about the entire

1Due to an error in the instructions, the squares g&_and D2 were omitted
in 1ist. No subjects have noted the error, however.
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circumference of the group, provided that the square to which he elects to move
is adjacent or next to one of the squares occupied by another member of the
group.

You will notice that Blue is not limited by the distance or direction of
his movement. His only consideration was that he maintain all four plugs in
ad Jacent squares; that is, together without unlit squares between them.

Now let us look at the possibilities that exist for Green, Because of
Green's central location in the group, you will see that the possibilities
for his movement are much more limited if he is to follow the rules. Because
he cannot move in such a manner as to isolate Blue, only two possibilities
exlist: the first, that he remain in his present position; or the second,
that he move to square C2 which would still satisfy the rules of adjacency.

Specific instructions for communication groups. To help you in this

task, you will be allowed to send a short message of 10 words or less to as
many of the other members of the group as you wish; that is, up to three
separate messages. You will have one minute at the end of each trial to

write your messages, at which time they will be collected and delivered to

the person or persons to whom they are addressed. The person to whom a
message is addressed will have one minute to read the message before it is
collected again. You should address your message to the color denoting the
person to whom you wish to communicate and sign it with your own color.

There is no limitation as to contents, but remember you must make your message
10 words or less. You do not have to send a message, but you will lose nothing
if you do so.

Specific instructions for non-communication groups. To help you in this

task, you will be allowed a period of one minute at the end of each trial to
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examine the problem. At the end of this time you will be required to write
a short note to me. If you have discovered the answer, you should jot down
the five moves required for the solution of the task. If you have not as yet
discovered the solution, write "no solution” on your note and pass this in.
Each of you will be required to pass me a note at the end of each trial.
Each of you should sign these notes with your color.

Reminders given between trials in Task I. As appropriate:

1. That time it took you__ _ moves to reach the goal El. Remember
that El1 may be reached in as few as five moves and you should try to dis-
cover how this may be done as quickly as possible.

2. BSeven moves have elapsed and you have not reached the goal El.
Remember that El may be reached in as few as five moves and you should try to

discover how this may be done as quickly as possible.
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Directions for Task I1

Now we shall start a second task. With one exception the general rules
of this new task will be the same as those used in the first task. You will
still be trying to reach the goal square El in as few moves as possible, and
you will still be able to move your individual plugs about the board exactly as
you have done before. The rule that we have changed has to do with the way
in which you must keep together.

By now all of you should be fairly familiar with the rules of adjacency,
or keeping together, as they were applied in the first task. Previously, it
could be said that you became legally adjacent to another member of the
group when you placed your plug in any square that bordered an already
occupied square, elther on one of its four sides or on one of its four
corners. In other words, if the unlit square to which you desired to move
touched an occupied square at any point, either on one of its sides or on one
of its corners, you could legally move there and be considéred adjacent. If
you think about it a minute you will see that a single square may have as
many as eight other squares adjacent or next to it. This is the same as
saying that you have a choice of eight different squares into which you might
move your plug if you wish to become adjacent to that particular square.

Now these eight squares may be divided into two kinds with respect to
the kind of adjacency they have with a single square. Let us take for
example C3. Let us say that C3 is occupied and that you are trying to get
another plug next to it. There are four separate squares that border
directly on the sides of square C3, that is to say, on its top, its bottom,
and its right and left edges. These are squares B3, C2, D3, and Ch., If

you should move to any one of these four squares we will say that a "side
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connection" has been formed with C3. In addition to these four squares there
are four other squares that border on square C3 though they do so only at its
corners. These are B2, D2, D4, and Bl. If you should move to one of these
four squares we will say that a 'corner connection" has been formed with C3.
All of these moves were legal and valid for forming connections with and among
the group in the last task.

In this task only side connections, that is, connections directly to the
top, bottom; and right and left sides of the square shall be considered legal
or valid. Corner connections by themselves will no longer count as connecting
you to the rest of the group or as connecting the group together. Corner
connections will still occur as you move about the board, but they will never
count as connections in themselves in this second task. There must then
always be a side connection between each of you at all times. You will see
then that you must always move to form a side connection and that you may
never move in such a way as to leave another member of the group by himself
or with only a corner connection between him and the group. 1In this second
task a corner connection is the same as no connection at all.

Are there any questions?

Instructions given between trials in Task II. You should spend the next

one and one-half minutes studying your boards and attempting to discover how

all problems of this nature may be solved in a minimum number of moves.

Communication groups:
You have one minute, beginning now, to write messages to the rest of the

group, if you wish to do so.

Non-Communication groups:
You have one and one-half minutes, beginning now, to study the problem

to try to find its solution.



